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Dr. B. R .  Parkin of RAND Corporation has pointed out to me that the 
last bracket in Eq. (24) should be squared, The resulting forcnula for the 
drag coefficient then simplifies to 
The plot of drag coefficient vs. cavitation number (Fig. 6 of the report) i s  
correct however. 
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Introduction 
In recent years a number of papers treating linearised frsa 
streamline problema have appeared subsequent to Tulint s introductory 
paper so this subject (1): Among these miry be mentioned Wu's exten- 
sion of Tulin's me tbod for oupcrcavlta ting h y d r ~ f o i h  with arbitrary 
shape and cavitation number ( E ) ,  hydrofoils wit,h cavitation only near 
the leading edge (3) ,  supercavitating hydrofoils i n  cascade (4) and 
Cahents work on wall interference effecta (5) .  10 all of the above works 
the hydrofoil is  assumed to be in a force-free field, However, Parkin 
recently has estimated the effect of a gravity field normal to the direc- 
tion of the flow by means of a simplified representation of the gravity 
effect on the cavity boundary condition ( 6 ) .  As yet the problem of the 
hngitudinal gravity field dues not sgem to have been discussed. 
Fully ca vitated flows art k n ~ w n  to occur in axial gravitational 
fielde. The cavity associated with vertical water entry or exit i s  one 
example. An effect similar t~ that of axial gravity occurs when fully 
cavitating flow takee pbce in a large water tunnel with slightly diverging 
walls. The longitudinal pressure gradient that rerults from the variable 
cross eection plays a role mueh like that o f  a farce field, It appears 
then, that to have an understanding of free streamline problems is all 
casea of poesible technical interest, the effect of an axial o r  longitudinal 
gravitational field must be examined. 
* Numbers in parenthese5 refer to the bibliography at fhs er~d of the text. 
Formulation of Problem 
A sketch of the cavitating wedge is shown in Fig. 1 where for 
convenience a l l  lengths are made dimensionless by dividing by the length 
of the wedge (L). The central idea of thin airfoil theory is the lineariza- 
tion of the surface boundary conditions. The analysis is further simpli- 
fied by fulfilling these conditions on the axis rather than on an appxoximate 
neighboring shape. In linearized free streamline theory of hydrofoils 
both of these simplifications are made. In the spirit  of these approxima- 
tions we shall then require that the velocity never differs too much from 
the free stream velocity and further, that the slope of the body shall be 
small, 
In the thin airfoil theory, the characteristic velocity i s  the velo- 
city a t  infinity. However, i t  was shown by W u  (2) that a better comparison 
of linear and nonlinear theories was obtained if  the velocity on the cavity 
was used as the characteristic velocity, In the case presently to be con- 
sidered, the fluid velocity along the cavity is not constant due to the 
effect of gravity. For the purpose of definiteness, the fluid velocity at 
the base of the wedge i s  used as the characteristic velocity. The connec- 
tion between the characteristic velocity and the free stream velocity is 
pxovided by the Bernoulli equation ' 
The reference datum for the longitudinal gravity field I s  taken at x=  0. 
2 + Thus if K =  (po- P , ) / P ~  / 2 ,  q,=~7/K. The velocity vector q l a  
where u, v are perturbation components assumed to be much smaller 
thdn qc. We now define a pressure coefficient based upon the free stream 
dynamic pressure and the cavity pressure: 
2 
where uZ, v2 have been neglected compared to qc . It should be noted 
from Eq. ( I )  that the gravity force points upstream (Fig. 1). 
We can now complete the formulation of the problem by stating 
the boundary conditions. A s  in other thin airfoil theories, the boundary 
conditions are applied on the chord line of the profile which in our case 
is the slit. of length C on the real z axis, They are: 
(a) v = L q , y  o n t h e w e d g e ( O ~ x f 1 ) .  
(b) C = O  on the cavity or from Eq. ( 3 )  
P 
1 
- 1 far from the body, 
(d) The body must close. The equivalent statement is 
that the net source strength must be zero. 
(4 Lastly, the flow cannot contain nonintegrable singularitie s 
on the slit or have multiple valuee off the slit. 
Conditions (a) - (e) are sufficient to determine the flow field although i t  
* has not been proved that the solution is unique. 
D 
Other linearized models of the flow are possible. For example, 
see Cohen's linearized model of the notched hodograph (Ref. 5). However, 
for the present purpose Tulin's original model seems simplest, 
Solution 
The complex velocity w = u- i v  is  an analytic function of 
z = x + iy. It can therefore be transformed to other m o r e  convenient planes 
in such a way that w i s  the same at corresponding points. The plane 
chosen for analysis is the semicircle plane shown in Fig. 2. It  is the same 
as that used by W u  in Ref ,  7 except  that the phys ica l  plane is  transformed 
onto the upper-half plane. The appropriate boundary conditions are 
a l s o  shown in Fig. 2 .  
It can be verified that the mapping function that transforms the 
x plane onto the upper -half t: plane is 
where Z2 are the roots of 
o = rP + zr2(2.+1) + i = 
For reference, these roots are: 
r 
Note that g1 is exterior to the unit circle and represents the point z= m. 
The solution proceeds as follows: Separate w into two terms 
'that satisfy the conditions below. 
For wl  
- v1 - qcy on the wedge, 
U 1  = !dqc on the cavity. 
For WZ 
vZ = 0 on the wedge 
= - on the cavity , 
*2 q, 
The sum of w l  + w  must satisfy the remainder o f  conditions (4). The Z 
solution for w subject to the foregoing restrictions is 1 
where A, I3 are real constants. From (4a), B = g/qc but A camat yet  
be determined. 
w2 poses somewhat more of a problem. It can be seen from 
Eqc (5)  that &) is a complicated function. However, a simple closed 
form solution f o r  w2 can be obtained by use of the transformation func- 
* 
tian (Eq. 5) and suitable images. Such a possibility ie immediate ly sug- 
gested since an the real 2: axis ( i . e . ,  on the cavity) Eq. ( 5 )  is equal t~ 
x. Hence we might suspect that wZ(g)- a. However, 
directly used as the velocity function since it has a pole 
( is interior to the unit circle and therefore does not 
n(X) cannot be 
at LI (or z=m). 
represent a point 
in  the physical plane. ) What mu& t be dong, then, i s  td rernave the singu- 
larity at and add suitable images to make v2 zero on  the uait circle. 
At the same time the conkribution of the images on the real ( E )  ax is  must 
be purely imaginary to maintain the property uZ-x there. With  these 
preliminaries it can be seen that 
* This device was brought to the writer's attention by Prof. Rannie 
in connection with another problem. 
obeys the requirements of Eq. (4bj. W i t h  the aid of Eq. (7) this axpres- 
:3ion i v  capable of considerable sinlplificatioxa and becomes, after aome 
The complete v e b d t y  function is w f w2 o r  1 
We have yak to determine A and ta find the relation between r, K and 
g .  However, conditions ( c )  and (d) uf (4) remain to be fslfilled, Thss t  
operations can be carried out in the < plane, but as pointed out by Wu 
(7), it 1s easier to work in the z plane for this purpose. W e  require ac- 
cording to his method the expansion of w(e) for large pl in the form 
al+ib1 a + i b 2  
w l z )  = a. + 2 +-7- f . .  . 
B 
Then from (c)  of Eq, (4) 
As s s m ,  <-a, also, can be found in terms of 1/a from 
Eq. ( 5 )  with tho result 
Substitution of (14) into (10) and simplification gives the desired form 
The constant A can now be found as indicated by Eq. (13)  and is 
Equations (15) and (16) constitute the solution. In the next section the 
principal results will be found. 
W e  obtain first the relation between the cavity length & , the 
2 
cavitation number K and the gravity effect. Let F' = U / g  be the 
square of the Froude number (recall that the length of the wedge is unity - 
2 2 in the general case F = U / g ~ ) .  With  Eqs. (16) and (13) we get 
1 1 - -  - 4 - 1  (17) $TE 4pZ(1 + K) 
The cavity area (fur unit wedge length) is shown in Ref ,  7 to be 
S = - 2ra2 It then follows from Eq6. (15). (16) that the cavity area is 
We next obtain the Cavity drag. Here  again i t  is advantageaus to 
follow the methuds of Ref. 7. 'The drag coefficient of the body can be 
expressed as 
2 
= D / $ U  L =  - 
body body 
in which the expression for the pressure coefficient (Eq. 3 )  has been used, 
2 Now dy = dx v / ~ ,  and furthermore Zuv = - Im(w ) so that Eq. (19) 
can be written 
GD = - 1 Y -  1 $ w2 d r  
body body 
since on the wetted portion of the body de= dx ( ~ m  denotes the imaginary 
part), The contour around the body can be considered a part of a contour 
H that encloses the body, cavity and the cavity closure denoted by e 
(see Fig. 3). The second term of Eq, ( 2 0 )  can nclw be further trans- 
formed by deforming contour H until it consists of a circle of large radius. 
It is seen immediately from Eqs. (l l) ,  (13) that wZ has no simple pole 
within H, hence 
- ~ r n  ar2dz=Im $ w2d. + ~ r n  S&nr2dz= Irn # w2dz ,+ 9 Zg( l -w) - v dx 
body e cavity F cavity Q, 
where, boundary c~ndition (4b) has been w e d  in the second of these in- 
tegrals. The expression for the drag coefficient now become s 
W e  only need to observe that ~b dy :. 0 is precisely the closure condition 
and that $ xly = S,  thus 
Apart from its effect on w , the gravity field gives rise to a buoyant 
force equal to the product of the area S and the specific weight of the 
fluid. Indeed, this contribution to the drag coefficient could have been 
written d o h  without calculation. The usefulness of Eq. (21) i s  in the fact 
that the velocity function w has a particularly simple expansion about the 
point ;GZ 4 . In fact as 
the velocity function (Eq. 10) becomes 
Straightforward application of Eq. (21) gives the final re suit 
Discuseion 
The expressions for cavity length, area and drag coefficient were 
calculated as a function of cavitation number and Froude number for a 
wodge with a lFiO semi-apex angle. These results are shown in the graphs 
of Figs. 4,5,6. The cavity length is strikingly affected by gravity (Fig. 4 ), 
( ~ e c a l l  that positive o r  gravity effect mean. that the gravity force 
points upstream and negative F' downstream). As one would anticipate, 
the effect of a positive Froude number is to increase the cavity length, 
since in this case the flow proceeds into a region of decreasing pressure. 
Conversely, the effect of negative Froude numbers is to shorten the 
cavity. Indeed, for a given 
mum cavity length at K = 0. 
cavity length is infinite for 
(negative) Froude number, there is a m a d -  
2 [I* the absence of gravity (F = m), the 
K = 0.1 On the other hand, for a given positive 
Froude number, there is a minimum value of the cavitation number, fn 
Fig. 4 the curves of C vs K are not extended beyond this minimum. 
The effect of gravity on the drag coefficient (f ig.  6) is somewhat 
less important than on the length or area. The trend is again as one 
would expect from physical grounds; namely, that when the gravity force 
points upstream, the drag force i a  increased, Negative values of F 2 
decrease the drag force for the same reason. These effects may be 
partly likened to a horizontal buoyant force as inspection of Eq. (21) shows. 
From an  inapection of Fig. 5 i t  appears that the buoyant t e rms  could 
actually give rise to a negative drag coefficient for a sufficiently strong 
downstream gravity vector. Such a condition is not likely to occur, in practice 
however. 
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Notation 
a, b,A,  B - constants 
C~ - drag coefficient (D/$ U'L) 
C~ 
- pressure coefficient = (p - uZ/2 
I3 - drag force 
2 F - Froude number squared (U i g ~ )  
g - gravitational acceleration 
K - cavitation number - u2/2] 
L - length of wedge 
C - cavity length divided by L 
P - pressure 
Q G 
- charasteristic velocity on the cavity ( u V G )  
S - dimensionless cavity cro 8s- sectional area 
U - velocity at infinity 
u - pexturbation velocity in direr, tion of U 
v - perturbation velocity normal to U 
w - u - i v  
X, Y - cartesian coordinates in physical plane 
2 - x t i y  
Y - wedge, semi-apex angle 
P - fluid density 
g - transformed plane 
( )c - denotes quantity on cavity 
( ) - denotes quantities far from the body but in the plane of the base of the wedge 
(4) - denotes vector quantity 
- denotes complex conjugate quantity 
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Fig. 1 Sketch of Cavity Configuration 
Fig.  2 Sketch S h w i n g  the Physical Plane (Z Plane) and the Transformed 
Plane. The Appropriate Boundary Conditions are Marked on the 
Diagram. 
Fig. 3 Definition Sketch of the Contour Used in Evaluation of the Drag 
Integral . 
Fig. 4 Cavity Length vs Cavitation Number for Various Values of 
Froude Number. The Semi Wedge Angle is 15O ( 1 =15*) 
Fig. 5 Dirneneionlsss Gavity Area vs Cavitation number a8 a Function 
of Froude Number f n r  y = 15" 
Fig  6 Drag Coefficietlt vs Cavitation Number  as a Function of Froude 
Number for Various  Cavitation Numbers, 
DISTRIBUTION LlST FOR UNCLASSIFfED REPORTS 
ISSUED UNDER CONTRACT Nonr 220(24) (NR 062-0 10) 
Chief of  Naval Research 
Dept, of the Navy 
Washington 25, D. C. 
Attn: Codes 429 
460 
438 
Commanding Officer 
Office of Naval Research 
Brancb Office 
The John Crerar Library Bldg. 
86 E.  Randolph Street 
Chicago 1, 11i. 
Commanding Officer 
Office of Naval Research 
Branch Office 
346 Broadway 
New York 13, New York 
Commanding Officer 
Office of Naval Research 
Branch Office 
1030 E. Green Street 
Pasadena 1 ,  California 
Commanding Officer 
Office of Naval Research 
Navy 100, F l e e t  Post  Office 
New York, New York 
Director 
Naval Research Laboratory 
Washington 25, D. C. 
Attn: Code 2021 
Chief, Bureau of Aeronautics 
Department of the Navy 
Washington 25, I>. C .  
Attn: Code RS-3  
(Mr. F . W . S .  ~ o c k e )  
Chief. Bureau of Ordnance 
~e pa; trnent of the Navy 
Washington 25, D. C. 
Attn: Codes: 
Re03 (Mr. J. D. ~ i c o l a i d e s ) ( l )  
ReU1 ( ~ r .  C.S.  Sandler) (1) 
Chief, Bureau of Ships 
Department of the Navy 
Washington 25, D. C .  
Attn: Codes: 
106 (Capt. H. E, Saunders) 
300 (RADM A. M. Morgan) 
421 (Mr. J. Neidermair) 
440 ( ~ r .  R.B. couch) 
532 
549 
t 3 
(1) 
Chief, Bureau of Yards and Docks 
Department of the Navy 
Washington 25, D. C. 
Attn: CDR A.S, Klay, Research Div, ( 1 )  
Commanding Officer and Director 
David Taylor Model Basin 
Washington 7, D. C .  
Attn: Codes: 
500 
526 
580 
( 1  l l  
(1) 
Commander 
Naval Ordnance Laboratory 
White Oak, Maryland (1) 
Commander 
Naval Ordnance Test Station 
3202 E. Foothill Boulevard 
Pasadena, California 
Attn: Head, Underwater (3rd. Dept. (1 
Head, Propulsion Division ( 1  
Commanding Officer 
Naval Underwater Ordnance Station 
Newport, Rhode Island ( 1 )  
Commanding Officer and Director 
U. S. Naval Engineering Experiment Sta. 
Annapolis, Maryland 0) 
Superintendent 
U. 5. Naval Postgraduate School 
Monterey, California (1) 
Director of Research 
National Advisory Committee for Aero. 
1512 H Street, N. W.  
Washington 25, D, C.  (1) 
Rensselaer Polytechnic Institute 
Troy, New York 
Attn: Dept. of Mathematics 
Prof. H. Cohen (1) 
Case Institute of Technology 
Cleveland, Ohio 
Attn: Dept ,  of Mechanical 
Engineering 
Prof. G .  K u e r t i  ( I )  
Colorado A and M 
Fort  Collins, Colorado 
Attn: Rept .  of Civi l  Engineering 
Prof. M. Albertson (1) 
Cornell University 
Ithaca, New York 
Attn: Graduate School of 
Aeronautical Engineering 
Prof, W.  Scars, Dir. (1) 
Harvard University 
Cambridge 38, Massachusetts 
Attn: Dept.  of Engineering Sciences 
Professor G. Carrier ( 1 )  
University of Illinois 
Urbana, Illinois 
Attn: College of Engineering 
Prof.  J. RobePtgon (1) 
Iowa Inslitute of Hydraulic Rsch. 
State University of Iowa 
Iowa City, Iowa 
Attn: Dr. H. Rouse, Director (1) 
Johns Hopkins University 
Baltimore 18, Maryland 
Attn: Dept. of Mechanical Engrg. 
Prof, S. Corrsin, Head (1)  
University of Maryland 
College Park, Maryland 
Attn: Inst. for Fluid Mechanics 
Professor 3. Weske (1) 
Massachuae t ts  Institute of 
T e c hno 10 gy 
Cambridge 39, Mass, 
Attn: Dept, of Naval Architecture 
and Marine Engineering 
Prof. L. Troost 
Prof. M. Abkowitz 
Dept. of Civil Engineering 
4 
Prof. A. Ippen 
Dept. of Mechanical Eng. 
(1) 
Prof, E.S. Taylor (1) 
University of Michigan 
Ann Arbor, Michigan 
Attn: A pplied Mechanics Dept, 
Prof. J. McNown 
Prof. R .  Dodge 
University of Minnesota 
Minneapolis 14, Minn, 
Attn: St. Anthony Falls Hydraulic Lab. 
Prof. L. Straub, Director 
University of Notre Damc 
Notre Dame, Indiana 
Attn: College of Engineering 
Dean K. Schaenherr 
Pennsylvania State University 
Univer sity Park, Pennsylvania 
Attn: Ordnance Research Lab. 
Prof. G. Wislicenus 
Fur due University. 
Lafayc tte, Indiana 
Attn: Dept, of Mechanical Eng. 
Prof. R .  Binder 
Stanford University 
Stanford, California 
Attn: Dept. of  Mechanical Ei-rg. 
Prof. J, Vennard 
Dept. of Mathematics 
Prof, M. Schiffer, Head 
Prof. P. Garabedian 
Prof. D. Gilbarg 
Stevens Institute of Technology 
7 11 Hudson Street 
Hoboken, New Jersey 
Attn: Experimental Towing Tank 
Dr. P. Kaplan 
University of Tennessee 
Knoxville, T enn. 
Attn: Engineering Experimental Station 
Dr. G. Hickax, Director (1) 
Worcester Polytechnic Institute 
Worcester, Mass. 
Attn: Alden Hydraulic Laboratmy 
Prof, 9,  Hooper, Dir. (1) 
Columbia University 
Dept, of Civil  Engineering 
and Engineering Mechanics 
New York, New York 
Attn: Prof. R. Skalak (1) 
Director  
Langley Aeronautical ~ a b .  
National Advisoxy Committee 
for Aeronautics 
Langley Field,  Virginia 
Attn: Mr .  J. B. Parkinson, 
Hydrodynamics Div. ( 1 )  
Director  
Lewis Fl ight  Propulsion Lab. 
National. Advisory Committee 
for  Aeronautics 
21000 Broakpark Road 
Cleveland 11,  Ohio (1) 
Commander 
Air F o r c e  Office of Scientific Research 
T e m p T ,  14th and Constitution 
Washington 25, D. C. 
Attn: Mechanics Division (I) 
Direc tor  
Waterways Experiment  Station 
Box 631 
Vicksburg, Mississ ippi  (1) 
Beach Eros ion  Board 
U. S. Army Corps  of Engineers 
5200 Litt le F a l l s  Road 
Washington 16, D. C. (1) 
Office of Ordnance Research 
De par tment of the Army  
Washington 25, D. C. (1) 
Office of the Chief of Engineers  
Department of the Army  
Gravelly Point 
Washington 25, D. C. (1) 
Dr. R. Rollefson 
Chief Scientist, U. S. Army 
Department of the Army  
Washington 25, D. C. (1) 
Major General  P. F. Yount 
Chief of Transportat ion 
Department of the Army 
Washington 25, D. C .  (1) 
Commissioner  
Bureau of Reclamation 
Washington 25, D. C. (1) 
Dr. J. H. McMillen, Director 
National Science Foundation 
1520 H Street,  N. W. 
Washington, D. C. 
Directar  
~ a t i o n e i  Bureau of Standards 
Washington 25, D. C. 
Attn: Fluid Mechanics Div. 
Dr .  G.B. Schubauer 
Dr .  G. H. Keulegan 
Mr.  C. G. Morse, Chairman 
Mari t ime Administration 
441 G Street ,  N.W.  
Washington, D. C. (1) 
Polytechnic Institute of Brooklyn 
Dept, of Aeronautical Engineering 
and Applied Mechanics 
99 Livingston St ree t  
Brooklyn 2, New York 
Attn; P ro fe s so r  A. Ferri (1) 
Brown University 
Providence ,Rhode Island 
Attn: Div. of Applied Mathematics 
Prof. L. M. Milne-Thomson (1) 
Div, of Engineering 
Prof .  D. Drucker (1) 
California Institute of Technology 
Pasadena 4, California 
Attn: Prof .  F. C. Lindvall 
GALCIT 
(1) 
Prof. C. Millikan 
Prof .  D. Rannie (1 
Prof .  M. S. Plesset 
l l  
Hydrodynamics Laboratory (1) 
Prof .  A. Hollander 
Prof.  A. J. Acosta 
Prof .  T.Y. wu (1) 
University of California 
Berkeley 4, California 
Attn: Department of Engineering 
Pro fes so r  A, Schade 
Pro fes so r  H. Einstein 
(1) 
Dean M. OIBrien 
Carnegie Institute of Technology 
Pittsburgh, Pennsylvania 
Attn: Dean B. Tea re ,  Jr. 
Dept. of Mathematics 
Prof .  W. Lefghton, Jr., Head (1) 
Rose Polytechnic Institute 
R.R. Nu. 5 
Ter re Haute, hdiama 
Attn; Dr. W. W. Clausen (1) 
Astia Document Service Center 
Arlington Hall Station 
Arlington 1 2, Virginia ( 5 )  
Qffice of Teclzhical Services 
Dept, of Commerce 
Washington, D. C. 0) 
Aeroje t General Gur poration 
6352 North f~windale  Avenue 
Azusa, California 
Attn: Mr. J. Levy ( 1 )  
General Dynamics Corporation 
Convair Division 
3165 Pacific Highway 
$an Diego 12, California 
Attn: M r .  H.  Brooks (1) 
The Glenn L. Martin Company 
Baltimore 3, Maryland 
Attn: M r .  J.  Pearson (1) 
North American Aviation, Inc. 
International Airport 
Los Angelee 45, California (1) 
Lockheed Aircraft Corporation 
2555 N. Hollywood Way 
Burbank, California ( 1 )  
Boeing Airplane Company 
Seattle, Washington (1) 
Hughe s Air craft Company 
Florence and Teale 
Culver City, California (1)  
Douglas Aircraft Company, Znc. 
El Segundo, California (1) 
Bel l  Aircraft Corporation 
P.O. Box I 
Buffalo 5, New York (1) 
McDasnell Aircraft Corporation 
P, 0, Box 516 
St. Luuis 3, Missouri 
Northrop Aircraft, Inc. 
Northrap Field 
Hawthorne, Califoxnia 
Grumman Aircraft Engineering Gorp,  
BeChpage, Long Island, New York ( 1 )  
Re public Aviation Corpora tion 
Fa rmingdale, Long Island, N. Y. (1) 
ED0 Carporation 
College Point, New York 
Attn: Mr. S, Fenn ( 1 )  
Propulsion R e  search Corporation 
1860 Franklin Street 
Santa Monica, California (1) 
Clcvite Brush Development 
Clevite Research Center 
540 El. 105th Street 
Cleveland, Ohio 
Attn: Mr, T .  Lynch (1) 
General Electric Company 
Pittsfield, Mass. 
Attn: Mr. R. H. Wahlberger 0 )  
Philco Corporation 
4700 Wissahickon Avenue 
Philadelphia, Pennsylvania 
Attn: Mr. M.  Arsovr? (1) 
Vitro Corporation of America 
862 Waylle Avenue 
Silver Spring, Maryland 
Attn: Mr. Y. Setterholm (1) 
Westinghouse Electric Gor psration 
Sharon, Pennsylvania 
Attn: Mr. M. E, Fagan (1) 
AVCO ManufacSuring Corporation 
Stamford, Connectiout (1) 
Gibbs and Cox 
21 W e s t  Street 
New Yark 6, New York 
Attn: Dr. S. Hoerner 
Bethlehem Steel Compny 
Shipbuilding Divieion 
Ruincy 69, Massachusetts 
Attn: Mr. H. de t u c e  
Chance Vought Aircraft, Inc. 
P, 0. Box 5907 
Dallas, Texas (1) 
General Dynamic6 Corporation 
Electric Boat Division 
Groton, Condecticut 
Attn: RADM A. 1. McKee, USN ( ~ e t )  (1) 
Dynamic Developm~nts Corporation 
St. Marks Lane 
I s l ip ,  Long Island, New York 
A ~ z :  Mr.  W. Carl (1) 
+Miami Shipbuilding Cor paration 
615 S. W. Second Avsnue 
Miami 36, Florida 
Attn: Mr. P. Buhler (1) 
Baker Manufacturing Cornpiny 
Evansville, Wisconsin 
Attn: M r ,  J. Baker (1) 
Eastern R c s e a ~ c h  Group 
2 15 Montague Street 
Brooklyn 1, New Yvrk 
Attn: Dr. t. Meyerhoff 
Aircraft  Gas Turbine Division 
General Electric Company 
Giacinmti 15, Ohio 
Attn: Dr. M. L. Ghai (1) 
Aircraft Gas Turbine Development 
Dept,  
Malta  T e s t  Station 
Ballston Spa, New Ysrk 
Attn: Mr.  Kurt Berman (1) 
Rocke tdyne 
6633 Canoga Avcrluc 
Canoga Park, lifornia 
Attn: Librarian, Dept. 596-3 (1) 
